The Peak Hour Factor (PHF) is used to convert the hourly traffic volume into the flow rate that represents the busiest 15 minutes of the rush hour. Past research indicated that PHF has a strong impact on traffic analysis results. The common practice is to use a default value recommended by national or local guidelines or to use limited field observations. This paper investigates the variability of PHF over time and across locations. The day-to-day variability of PHF was found to be as strong as the site-to-site variability. This finding prompts for estimating the PHF based on multiple field measurements or, where measurements are not possible, for using a model that returns the average value of PHF. This paper presents such a model, which links PHF with hourly volume, population, and time of day, and demonstrates that a large portion of the variability in the sample of observations can either be explained with the model or be attributed to the day-to-day fluctuation.
INTRODUCTION
The TRB Highway Capacity Manual (HCM) (1) observation or the default values are used without field studies to support this practice.
Dowling (3) studied the consequences of using local rather than default parameters. He found that the use of local values for the PHF, saturation flow rate, and signal progression factor considerably reduced the errors in the delay estimates when the traffic stream was stronger than 85 percent of capacity.
The objective of this paper is to investigate the variability of PHF to increase the knowledge base of typical PHF values in various local conditions and to help select better PHF values in traffic analyses. We will show that PHF varies considerably day by day and that an expected value of PHF should be estimated from multiple field
measurements. An estimate from data collected in a single day is insufficient. Further, we will demonstrate that PHF variability across locations is smaller than may be concluded if the temporary variability is overlooked. Finally, a convenient method of predicting the expected PHF for planned or designed roads is proposed. the first two rows of Table 1 .
DAY-TO-DAY VARIABILITY
The variability of PHF was also investigated with vehicle counts on Northwestern
Avenue near the Purdue University campus in West Lafayette, Indiana (Figure 2 ).
Vehicles were counted continuously for almost three weeks in April 2000 using highquality portable inductive loops and Peek vehicle classifiers. The data collection was performed by an experienced professional who tested the equipment on a regular basis.
Morning and afternoon rush hours were identified for 13 consecutive weekdays and the PHF values were calculated for the morning and afternoon rush hours and for each of the two directions. The PHF was calculated using the formula:
where V h is the hourly volume and V 15max is the highest 15-minute count. Figure 3 shows the obtained PHF values while 
With the frequently used assumption that traffic counts vary according to Poisson and independently one interval from another, the variability of PHF can be estimated using the delta method which uses the linear term of the Taylor series of the PHF function:
TRB 2005 Annual Meeting CD-ROM Paper revised from original submittal. (Table 1) . Table 1 The strong variability of the PHF values from one day to another raises three questions:
(1) What value of PHF should be used in roadway design and traffic analysis? Should it be an expected value or a specific percentile?
(2) Does a single-day vehicle counting provide data sufficient for estimating the PHF value?
(3) What means can be used to help estimate the PHF where count data is not available?
Although an answer to the first question may be policy-related, let us express our opinion on this matter. The current design and traffic evaluation policies recommend checking traffic quality during the busiest 15 minutes of the design hour. The weekday rush hour during specific months is an often-used proxy of the design hour. Using the design hour is meant to promote solutions that provide acceptable traffic performance most of the time with a limited number of rush hours when the conditions may be questioned by the users. This condition is met if the volume assumed in design or traffic analyses represent the expected volume during the target 15-minute interval. This is accomplished when the expected value of PHF is used.
The strong day-to-day variability of PHF questions a single-day count as a sufficient basis for estimating the expected value of PHF. It should be noted that in some cases the first based on a total traffic at the intersections. Then, four PHF values were calculated for each intersection (one per approach) which resulted in 180 data points. In order to analyze the PHF variability across locations, several site-specific characteristics were recorded, which included the population, volume per direction, time of day, and road class.
Time of Day -It is believed that the morning peak is different from the afternoon peak.
Afternoon peaks tend to be longer and flatter than morning peaks because most morning trips are work-related while afternoon trips are more diverse.
Population -The effect of the size of the town where the intersection is located was analyzed. Populations were classified as large, medium, small, and rural. The HCM indicates that rural roads exhibit lower PHF, i.e., higher sub-hour traffic variability than urban roads. 
Rush hour volume -
where: 
where is the disturbance term proportional to the expected value of log(1-PHF), or
= b mean.
The maximum likelihood method was used to estimate the model in error of PHF that occurred at a specific location on a single day is 0.072. It has to be stressed that according to the remarks given in the previous section, the purpose of using Equation 7 is not to predict the PHF on a specific day but to predict the mean value of PHF over many days (expected value). The situation is similar to the one faced in crash frequency modeling where a Negative Binomial model is aimed to predict the expected annual number of crashes and not the crash count in some specific year. The Negative
Binomial model is much better in doing the former than the latter.
Our vehicle count data does not allow for any direct estimation of the part of the PHF variability which can be attributed to the day-to-day randomness. The simulation experiments and the field study presented in the previous section have given some insight. We can claim that a considerable portion of the dispersion of points in depicted in Figure 5 . The morning PHF tends to be lower than the afternoon PHF. This result was expected.
The graph in Figure 5 provides a convenient means of predicting the weekday-average PHF. It may be used if field measurements are not possible. It may also be used as supplementary information about PHF if the field measurements are limited; for example, vehicles were counted only once.
CONCLUSIONS
The paper discusses PHF variability, and in particular, a study by the authors that focused on weekday morning and afternoon rush hours at intersections. Two types of variability were studied, day-to-day and site-to-site, and convincing evidence that temporal variability is as strong as the spatial variability was presented.
It is recommended that PHF should be estimated based on several days of vehicle counting to improve the precision of the average PHF estimate. Where counting is not possible, the model developed as a part of the presented study can be used. It requires the hourly volume, the community population, and the time of day as input. The precision of the model seems to be reasonable when considering the temporal variability. A graph was provided as a convenient means of PHF prediction. Tables   Table 1 Simulated , measured, and predicted variability of PHF Table 2 Sample of Indiana intersections used to develop the PHF model Hourly Volume (veh/h)
ACKNOWLEDGEMENT

List of
Peak Hour Factor
Morning rush, Population > 20,000
Morning rush, Population < 20,000
Afternoon rush, Population < 20,000
Afternoon rush, Population > 20,000 
